INTRODUCTION
============

Recently, many cases of vitamin K-dependent coagulopathy of unknown origin have been reported. Relevant family history is lacking and systemic disease absent \[[@B1],[@B2]\]. Such cases are suggestive of superwarfarin intoxication. However, most patients have no definitive history of rodenticide poisoning. Many case reports suggest that patients manifested Munchausen syndrome, or had developed rodenticide intoxication via a nonoral route, such as inhalation or absorption through the skin \[[@B1],[@B3],[@B4]\]. However, such theories do not explain individual variations in the symptoms of, or coagulopathies among, the various cases, and no report has yet addressed individual risk factors for superwarfarin intoxication.

In the present study, we sought to evaluate individual risk factors causing coagulopathy and hemorrhagic symptoms in patients suspected of superwarfarin intoxication. In addition, in the absence of any consensus, we sought to describe an effective treatment for vitamin K-dependent coagulopathy in patients lacking evidence of definitive rodenticide poisoning who presented to a single center.

METHODS
=======

Subjects
--------

Between October 2009 and April 2012, we treated seven patients with suspected superwarfarin intoxication who lacked definitive histories of rodenticide ingestion. All were admitted to our hospital with complaints of various hemorrhagic events and were diagnosed with vitamin K-dependent coagulopathies after measurement of coagulation factor levels. Six were evaluated in terms of serum brodifacoum levels, which confirmed superwarfarin intoxication despite the lack of any definitive history of such intoxication.

In addition, 31 patients were diagnosed with rodenticide poisoning in Chosun University Hospital from January 2006 to March 2013. All had definitive clinical histories of ingestion of superwarfarin-type rodenticides. We analyzed the incidence of coagulopathy in these patients, and evaluated associated factor(s), via statistical analysis.

Methods
-------

We performed a retrospective chart review of all seven subjects mentioned above, and examined clinical data, patient information, and medical histories; comparing these with those of the 31 patients with definitive rodenticide intoxication.

Diagnosis of brodifacoum intoxication was confirmed by high-performance liquid chromatography (HPLC) featuring brodifacoum detection via ultraviolet light absorption. We also noted comedications (principally warfarin-interacting drugs), alcohol consumption habits, histories of psychiatric illness and consultation, and the presence of genetic factors (the cytochrome P450 2C9 \[CYP2C9\] and the vitamin K epoxide reductase complex subunit 1 \[VKORC1\] alleles), to detect risk factors.

Statistical analysis
--------------------

A probability *p* value \< 0.05 was considered to indicate a significant difference. All statistical analyses were performed using SPSS version 21.0 (IBM Co., Armonk, NY, USA). Differences between continuous variables were analyzed using Student *t* test and those between categorical variables employing the chi-square test.

RESULTS
=======

Baseline characteristics of patients with definitive rodenticide intoxication
-----------------------------------------------------------------------------

We studied a total of 31 patients (19 males and 12 females) of median age 48 years (range, 2 to 88). The poisoning agents were brodifacoum (n = 21), flocumafen (n = 5), bromodiolone (n = 2), coumatetralyl (n = 1), and unknown (n = 2). Thirteen patients had psychiatric conditions including depressive disorders (n = 5), intellectual disabilities (n = 5), a cognitive impairment (n = 1), an adjustment disorder (n = 1), or another condition (n = 1). Eleven patients (35.5%) had histories of ingestion of agents that probably interact with warfarin, including antidepressants (selective serotonin reuptake inhibitors \[SSRIs\], tricyclic antidepressants \[TCAs\]; n = 6); nonsteroidal anti-inflammatory drugs (NSAIDs) (n = 3); antiplatelet agents (n = 3); and antacids (cimetidine, ranitidine; n = 2). Two patients abused herbal treatment(s). No patient had a history of hepatitis or liver cirrhosis. Ten patients were accidentally exposed to rodenticide, whereas 21 ingested rodenticide to attempt suicide.

The mean amount of ingested rodenticide was 0.79 mg (range, 0.2 to 2), with one tablet containing 0.2 mg. However, those who ingested over 10 tablets could not accurately report how much rodenticide they had ingested, because of their psychological conditions. Notably, rodenticide and alcohol were simultaneously ingested by 11 patients (35.5%).

Only one patient (3.2%) had hemorrhagic symptoms (hematuria and hematoma). However, 11 of the 31 patients (35.5%) had a laboratory abnormality (prothrombin time \[PT\] \> 13 seconds) attributable to rodenticide intoxication. Laboratory data (international normality ratio \> 1.5) revealed that only four patients had coagulopathies (12.9%). Upon chart review, the basal PT (pre-ingestion or post-follow-up) in all cases of rodenticide intoxication was within the normal range (under 13 seconds). PT prolongation (to over 13 seconds) may be caused by such intoxication.

Therefore, to evaluate individual risk factors causing coagulopathy, patients were divided into two groups: those with a laboratory abnormality (PT \> 13 seconds), and the others.

The general characteristics of the 31 study subjects, all of whom had acute rodenticide poisoning symptoms at presentation, are summarized in [Table 1](#T1){ref-type="table"}.

Comparison of clinical characteristics between the two groups
-------------------------------------------------------------

There was no significant difference between the two groups in terms of age, gender, the extent of chronic alcohol consumption, the rodenticide agent present, psychiatric problems, the taking of warfarin-interacting drugs, the extent of intoxication, or the type of poisoning. However, in the PT \> 13 seconds group, the albumin level (4.06 g/dL) was significantly lower than that of the other group (4.53 g/dL; *p* = 0.014). Furthermore, a significant between-group difference was evident in terms of simultaneous rodenticide ingestion and alcohol consumption (*p* = 0.023). This may be a significant risk factor for coagulopathy and development of hemorrhagic symptoms in patients suspected of superwarfarin intoxication.

In summary, the two groups differed significantly in serum albumin level and a history of rodenticide ingestion with alcohol ([Table 2](#T2){ref-type="table"}).

Baseline characteristics of patients suspected of superwarfarin intoxication but lacking definitive histories of rodenticide ingestion
--------------------------------------------------------------------------------------------------------------------------------------

All seven patients were admitted to our hospital with various hemorrhagic symptoms and were diagnosed with vitamin K-dependent coagulopathies based on evaluation of the levels of coagulation factors. The seven patients (four males and three females) ranged from 38 to 81 years of age, with a median age of 64 years. The principal hemorrhagic events were bleeding gums (four patients), epistaxis (three patients), hematuria (one patient), hematoma formation (one patient), and hematochezia (one patient). All patients had prolonged PTs and activated partial thromboplastin times (aPTTs). The plasma-mixing test was performed for all patients and the activities of coagulation factors measured. All patients were similar; the PTs and aPTTs were abnormal and the levels of factors II, VII, IX, and X reduced. Serum brodifacoum tests were run on six of the seven patients (all except patient 1), and the results were positive. Two patients (patients 1 and 7) lived in the city and the others in nonurban areas. Three patients (patients 2, 4, and 5) were farmers; two were housekeepers (patients 3 and 7); one was a salesman (patient 1); and one was a demolition worker (patient 6). However, the two housekeepers also worked on farms on a daily basis (patients 3 and 7). No patient had a history of hepatitis or liver cirrhosis. One patient had schizophrenia, but none had Munchausen syndrome based on a review of psychiatric history and consultations (however, patient 1 was not assessed). One patient had well-controlled depression that developed after a cerebral stroke (patient 2: treated with a TCA, valproic acid, ranitidine, and aspirin); one well-controlled schizophrenia (patient 3: treated with a SSRI); one severe asthma (patient 4: treated with oral and inhaled steroid); and one Parkinson disease (patient 5: treated with an SSRI).

Three patients (patients 1, 2, and 3) had taken various herbal medications of unknown origin. In particular, patient 3 experienced two episodes of coagulopathy after taking the same herbal preparation, suggesting that the medication may have contained warfarin or a warf arin-interacting component. However, we were unable to obtain a sample of the material to explore this suggestion further. Three patients (patients 1, 4, and 6) were chronic heavy drinkers, especially patient 6, who had been diagnosed with chronic alcoholic hepatitis.

Four patients were subjected to CYP2C9 and VKORC1 1173C/T genotyping, but all were wild-type at the CYP2C9 locus. Interestingly, two patients had the VKORC1 1173C/T allele (which is well-known to reduce warfarin activity), but no patient had the CYP2C9\*2, CYP2C9\*3, or VKORC1 1639 G/A allele, which are well known to enhance warfarin activity and trigger hemorrhagic complications.

Finally, environmental exposure was a possible cause of intoxication in five patients who were full-time (patients 2, 4, and 5) or part-time farmers (patients 3 and 7). The poison may have been absorbed through the skin. Patient 7, who was a demolition worker, may have been exposed to various superwarfarins via inhalation. Environmental exposure and herbal medication were other possible sources of exposure to superwarfarins. Chronic alcohol ingestion, the taking of various drugs interacting with warfarin, and the use of herbal medications, may have induced coagulopathies.

All patients were initially given fresh frozen plasma (FFP), followed by various (high) intravenous doses of vitamin K (10 to 40 mg). Two patients (patients 1 and 6) were transferred to another hospital and became lost to follow-up. Treatment of the other patients (except for patient 7) was later changed to oral vitamin K. Patient 7 was given intravenous vitamin K until discontinuation of vitamin therapy because the oral route was difficult to access. Total treatment duration varied but, for most patients, was over 6 months.

Information on patients\' characteristics, symptoms, and treatments is summarized in [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}.

DISCUSSION
==========

Rodenticides are a heterogeneous group of compounds, the toxicities of which differ markedly in humans and rodents. Many rodenticides have been used throughout history. Before the mid-20th century, heavy metals (arsenic, thallium) were most frequently employed. Since that time, second-generation anticoagulant rodenticides including brodifacoum, diffnacoum, bromdialone, counatetralyl, and the latest (Food and Drug Administration-approved) agent flocumafen, have been the mainstays of rodenticide products. These agents are long-acting warfarin derivatives termed superwarfarins, are tasteless and colorless, are used as poisons, and are still marketed as pesticides to kill rats and mice \[[@B1],[@B2],[@B5],[@B6]\].

Superwarfarins are popular and readily available, but may cause intoxication upon overexposure, triggering coagulopathy, or abnormal bleeding. This is an important public health problem. Most ingestions are accidental, and many patients are children. However, attempted suicide, ingestion associated with psychiatric disorders, and deliberate self-poisoning with denial (Munchausen syndrome), have been reported \[[@B7],[@B8],[@B9]\]. Superwarfarin intoxication via the oral route is well known, but it remains unclear how warfarin enters the sera of patients without any history of oral ingestion. However, some cases of poisoning caused by inhalation or direct skin contact have been reported \[[@B3],[@B4]\].

Superwarfarin-type rodenticides act like warfarin, reducing γ-carboxylation of vitamin K-dependent clotting factors by inhibiting vitamin K 2, 3-epoxide reductase. Such inhibition triggers coagulopathy manifesting as increases in the PT and aPTT, and reductions in the levels of vitamin K-dependent clotting factors (factor II, VII, IX, and X; protein C; protein S; and antithrombin III). Most superwarfarin-type rodenticides have a considerably longer half-life than warfarin (at least 16 to 69 days), are 100-fold more potent, and have a more rapid onset of action, because phenyl groups replace the terminal methyl group in the warfarin structure. The increased efficacy of superwarfarins as rodenticides is attributable to high-level lipid solubility, a high affinity for hepatic tissue, and extremely slow elimination from the body \[[@B10],[@B11],[@B12]\].

The most common clinical feature of superwarfarin intoxication is bleeding from any mucosal site or organ. Epistaxis and gingival bleeding, gastrointestinal and pulmonary hemorrhage, hematoma, and/or hematuria, may be evident \[[@B13]\].

In a patient with a definitive history of superwarfarin ingestion, PT and aPTT are the optimal screening tests. However, in those presenting with a vitamin K-dependent coagulation factor deficiency of unknown cause, diagnosis of superwarfarin-induced coagulopathy can be difficult. A definitive diagnosis requires a blood test featuring the use of HPLC. This accurately measures superwarfarin levels, but the technology is not yet widely available. However, if superwarfarin intoxication is suspected, and the test is not readily available, high-dose vitamin K may be administered empirically \[[@B14],[@B15]\].

Most patients presenting with superwarfarin exposure or poisoning do not exhibit or develop major complications. The 2009 Annual Report of the American Association of Poison Control Centers\' National Poison Data System stated that 11,091 instances of long-acting anticoagulant rodenticide exposure had been reported to United State Poison Control Centers in that year. However, the outcomes were generally benign. One death, and 36 and 12 instances of moderate and major clinical effects, respectively, were described (0.4%) \[[@B5]\]. Only 35.5% of cases were associated with coagulopathy as measured in the laboratory, and symptomatic complications were rare (3.2%).

However, the LD~50~ (i.e., the dose causing 50% of a group to die) of warfarin in humans is unknown; only animal data are available. Also, the human ED~50~ level (the dose effective in 50% of a group) is unknown \[[@B4],[@B11],[@B12],[@B13]\]. In fact, the toxic dose of brodifacoum varies widely among individuals, as reflected by variations in the half-life. Thus, brodifacoum metabolism may differ individually, but this remains unclear. The mechanism of action of the superwarfarins is the same as that of warfarin \[[@B10],[@B11],[@B16],[@B17]\].

Usually, warfarin therapy is associated with a significant risk of bleeding complications because the warfarin therapeutic index is narrow. It is well known that certain factors increase the risk of over-anticoagulation. Such factors are 1) impaired liver function and hypoalbuminemia; 2) alcohol consumption; 3) drug-drug interactions; and 4) genetic polymorphisms (CYP2c9 and VKORC1) affecting the levels or activities of enzymes metabolizing warfarin \[[@B18],[@B19]\].

First, anticoagulants accumulate principally in the liver. Superwarfarins exhibit high liver to serum concentration ratios (ca. 20:1 in rats) because the rodenticides are very lipid-soluble and exhibit an affinity for hepatic tissue. Thus, impaired liver function may trigger symptoms of superwarfarin poisoning \[[@B11],[@B17],[@B20]\].

Warfarin is extensively protein-bound (97% to 99%, when albumin levels are \> 3.2 mg/100 mL), and only the free drug exerts any biological effects. When albumin levels are low, the amount of free warfarin thus increases. Hence, such patients generally require less warfarin. As the albumin level rises, the warfarin maintenance dose also rises. Thus, hypoalbuminemia may trigger increased warfarin activity and symptoms of coagulopathy \[[@B18],[@B21]\].

The anticoagulant effect of warfarin is dramatically altered by ingestion of even small amounts of alcohol. In those taking warfarin and ingesting a few alcoholic drinks in a single sitting, the anticlotting effects may become greater than medically required, placing the patient at risk of increased bleeding. Such excessive warfarin action is the result of alcohol-related inhibition of warfarin metabolism by liver cytochrome P450. Conversely, in those who chronically consume alcohol, long-term cytochrome P450 is constitutively activated and warfarin metabolism thus permanently affected. Warfarin is metabolized more rapidly than normal in such subjects, and higher warfarin doses are generally required to achieve the desired anticoagulant effects \[[@B22],[@B23]\].

Drug-drug interactions are of major concern, triggering adverse drug reactions in patients under warfarin treatment. Comedications may inhibit the hepatic P450 system, triggering hemorrhagic symptoms. Such medications include SSRIs, NSAIDs, metronidazole, and cimetidine \[[@B24],[@B25],[@B26],[@B27],[@B28],[@B29],[@B30]\].

Finally, genetic screens have identified two genes responsible for most of the genetic effect; these are the CYP2C9 allele (encoding CYP2C9 that metabolizes S-warfarin) and VKORC1 (encoding the target of warfarin; vitamin K epoxide reductase). Certain loss-of-function CYP2C9 and VKORC1 polymorphisms are known to be associated with reductions in enzymatic activity and, thus, an increased risk of hemorrhage. These alleles are CYP2C9\*2 (Cysl44/Ile359), CYP2C9\*3 (Argl44/Leu359), and VKORC1 (.1639 G\>A) \[[@B31],[@B32]\]. Furthermore, certain patients have CYP2C9 poor metabolizer alleles and experience rates of major bleeding 3.68-fold higher than those of patients with the wild-type gene. Therefore, in known carriers of variant CYP2C9 alleles, the initial loading dose of warfarin should be reduced to as little as 10% of the standard recommendation. The VKORC 1639 G\>A allele is associated with increased warfarin activity. On the other hand, the VKORC1 1173 C\>T variant causes partial resistance to warfarin, and very high doses are thus required to obtain therapeutic effects \[[@B31],[@B32],[@B33],[@B34],[@B35],[@B36],[@B37],[@B38],[@B39],[@B40]\].

Treatment options for superwarfarin intoxication include administration of vitamin K1, FFP, and/or a prothrombin complex concentrate. If a patient has active bleeding, or is at a high risk of bleeding, FFP transfusions are given. Administration of recombinant factor VIIa also controls acute bleeding. However, the effect of either treatment is short-lived. After controlling bleeding, patients with prolonged PTs and aPTTs should be given high doses of vitamin K to normalize the coagulopathy. The optimal dose and duration of vitamin K1 therapy have yet to be established. However, early tapering or discontinuation will cause repeat prolongation of PT and aPTT even after normal values have been attained \[[@B11],[@B41],[@B42],[@B43]\]. Our experience supports the use of multiple treatments (daily oral or intermittent intravenous vitamin K); prolonged treatment (for a minimum of 6 months if hemorrhagic symptoms are evident); and high-dose (10 to 60 mg) vitamin K1 supplementation.

To date, no report has identified risk factors for superwarfarin intoxication or discussed suspected superwarfarin intoxication in patients without definitive histories of rodenticide ingestion. This is the first report to detail individual risk factors, to investigate routes of poisoning other than the oral, and to explore treatments for superwarfarin intoxication especially in those without definitive histories of ingestion.

We found that albumin levels and simultaneous ingestion of rodenticide and alcohol may be associated with coagulopathy. Superwarfarin may be ingested with alcohol in a single sitting, or rodenticide may be chronically absorbed through the skin or via inhalation.

To our knowledge, no previous report has identified individual risk factors for development of coagulopathy or hemorrhagic symptoms, or has sought to identify the source of exposure, in patients suspected of superwarfarin intoxication.

Further studies are required to ascertain whether albumin level, acute or chronic alcohol consumption, and use of herbal medications, are important in the context of superwarfarin poisoning.

KEY MESSAGE
===========

Most patients with superwarfarin poisoning do not exhibit any complications.Complications of superwarfarin poisoning may be associated with serum albumin level and simultaneous ingestion of rodenticide and alcohol.The serum brodifacoum test should be performed to identify vitamin K-dependent coagulopathy in adult patients even in the absence of a definitive history of rodenticide poisoning.The source of exposure in patients exhibiting superwarfarin toxicity of unknown origin may be long-term transdermal absorption or inhalation.The CYP2C9 and VKORC1 genotypes were not noted among our 31 subjects, despite the fact that these mutations are well-known sensitizers to warfarin poisoning.Chronic heavy alcohol drinkers may be at risk of hemorrhagic complications because of chronic rodenticide absorption from the skin, or via respiration.In cases with hemorrhagic complications, the optimal route of vitamin K administration is initially intravenous, followed by a later change to the oral route. However, if oral vitamin K cannot be easily obtained (in Korea, oral vitamin K is no longer on sale), intravenous vitamin K can be given every other day. Regardless of modality, treatment should be continued for at least 6 months.
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General characteristics of the 31 study subjects presenting with acute rodenticide poisoning
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Values are presented as median (range) or number (%).

SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; NSAID, nonsteroidal anti-inflammatory drug; equiv., equivalent; PT, prothrombin time; INR, international normality ratio.

^a^Each tablet has 0.2 mg at 0.005% (w/w).

###### 

Comparison of clinical characteristics between the group with a laboratory abnormality (prothrombin time \> 13 sec) and the other group
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^a^*p* \< 0.05.

###### 

Patients with vitamin K-dependent coagulopathy presumed to be caused by exposure to brodifacoum
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M, male; F, female; PT, prothrombin time; INR, international normality ratio; CYP2C9, cytochrome P450 2C9; VKORC1, vitamin K epoxide reductase complex subunit 1; TCA, tricyclic antidepressant; SSRI, selective serotonin reuptake inhibitor; NSAID, nonsteroidal anti-inflammatory drug.
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Patients with vitamin K-dependent coagulopathy presumed to be associated with exposure to brodifacoum
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FFP, fresh frozen plasma; IV, intravenous; q.d., queque die (every day); PO, per os (by mouth); SSRI, selective serotonin reuptake inhibitor; NSAID, nonsteroidal anti-inflammatory drug.
